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(54) Motor power supply line breaking detection method, motor control apparatus and elecrtnc power 
steering mechanism using ttie same and computer program thereof 



(57) According to the breaking detection 

processing, it Is determined that (A) iu of AC current 
(absolute value) supplied to a motor is less than 0.5 
amperes or iv thereof is less 0.5 amperes or iw thereof 
is less than 0.5 amperes, (B) the angular velocity of 
the motor is 1 rad/s or more and (C) at least any one 
of the current instruction values id*, iq* is 5 amperes 
or more in a step and then, a period In which all these 
three conditions (A)-(C) are satisfied at the same time 
Is determined in another step. Consequently, it is 
determined that any one of the power supply lines in 
the motor is broken and a breaking detection flag is 
set to ON so as to detect the breaking. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a breaking detection method for the power supply line of a motor, which 
is connected to the motor driven by AC current produced by converting from two phase to three or higher phase, a 
motor control apparatus and electric power steering mechanism using the same and a computer program thereof. 

2. Description of the Related Art 

[0002] Japanese Patent Application N0.HEIII -355585, which is proposed by this inventor also, has disclosed a 
motor control apparatus for controlling a motor driven by AC current produced by converting from tw-o phase to three 
or higher phase, for example, to three phase. 

[0003] In such a motor control apparatus, a cun^ent flowing through phase u and phase v of a brushless DC motor 
is detected by a current detector and after amplified with a predetermined gain, that currents are converted to 
current detection values iu, rv by an A/D converting circuit and the respective current detection values iu, iv are 
fetched into a d/q converting portion so as to execute d/q conversion (two-phase conversion). Then, by feeding the 
current values id, iq obtained thereby back to current instruction values, d-axis cun-ent instruction value and q- 
axis current instruction value, deviations Aid, Alq are obtained and supplied to proportional integration control. With 
these deviationsAld, aIq, absence/presence of a current flowing through each phase (phase u, phase v, phase w) of the 
brushless DC motor or absence/presence of a breaking in the power supply line is monitored, 

[0004] In the meantime, the d/q conversion refers to a method in which while orthogonal coordinates are set with 
the same direction as magnetic flux of a motor rotator as axis d and a direction perpendicular to this axis d as 
axis q, AC is calculated as DC by copying the vector of AC current flowing through each phase to that orthogonal 
coordinates. 

[0005] However, the conventional motor control apparatus described above monitors which of power supply lines 
(phase u, phase v, phase w) of AC current is broken or whether or not the current value of each of the current 
detection values iu. iv, iw becomes zero with the current deviations Aid, Alq on the axis d-q, as shown in Fig. 4(A). 
For example, because the current detection value iu becomes zero if the power supply line of phase u is broken as 
shown in Fig. 4(B), the breaking in the power supply line of phase u is detected by the current deviations Aid, Alq 

obtained by this d/q conversion. 

[0006] Because usually, this current detection value iu deviates to both polarities of positive and negative as 
sine wave, the current value becorries almost zero when a rotation angle 0. which crosses zero, is located in the 
interval of a even if the power supply line is not broken (see Fig. 4). Thus, even if the breaking of the power supply 
line can be detected when the rotation angle e of the motor Is in the inten/al of p. the breaking cannot be detected when 
the rotation angle e is in the interval of a. That is, there has been produced such a problem that depending upon a 
detection timing, absence/presence of a breaking of the power supply line cannot be monitored with the current 
deviations Aid, Alq on the axis d-q alone. 

SUMMARY OF THE INVENTION 

[0007] The present invention has been achieved to solve the above-described problem and therefore, an object of 
the present invention is to provide a method for detecting any breaking of the power supply line of amotor, capable 
of detecting the breaking of the power supply line of the motor, a motor control apparatus , an electric power 
steering apparatus and a computer program thereof. 

[0008] In order to achieve the above object, a breaking detection method for the power supply line of a motor 
according to the present invention, for detecting a breaking of the power supply line for AC current, connected to 
the motor driven with the AC current produced by converting from two phase to three or higher phase, is 
characterized in that the breaking of the power supply lines of said motor is detected by detecting a predetermined 
period in which all following conditions (A) - (C) are satisfied at the same time; 

(A) the current value of at least one of the AC currents supplied to the motor is substantially zero ampere, 

(B) the angular velocity of said motor is over a predetermined value, 

(C) the current instruction value to said motor is over a predetermined value. 



[0009] A breaking of the power supply tines of the motor according to the present invention, is detected by 
detecting a predetermined period in which all following conditions (A) - (C) are satisfied at the same time; 
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(A) the current value of at least one phase of the AC currents supplied to the motor is substantially zero ampere. 

(B) tKe angular velocity of the motor is over a predetermined value, 

(C) the current instruction value to the motor Is over a predetermined value. 



[0010] Thus, because (A) the current value of at least one phase of the AC currents supplied to the motor is 
substantially zero ampere, in addition, (B) the angular velocity of the motor is over a predetermined value, and (C) 
the current Instruction value to the motor is over a predetermined value are the detecting conditions, erroneous 
detection upon detecting a power supply line of a single phase can be prevented by \he condition (A), erroneous 
detection when the motor is stopped, by the condition (B) and en-oneous detection when the current Instruction value 
to the motor is smaller (for example, substantially zero), by the condition (C). Therefore, a breaking of the power 
supply line of the motor can be detected securely even when the current detection value of each phase crosses zero. 
[001 1] The technical feature of the breaking detection method of the power supply line of the motor in 
accordance with the more preferred teaching of the present invention, is characterized in that the motor is a 
brushless DC motor. 

[0012] A breaking of the power supply line of the brushless DC motor in accordance with the more prefen^ed 
teaching of the present invention, is detected by detecting a period in which all the conditions (AHC) are 
satisfied. Thus, because (A) the current value of at least one phase of the AC currents supplied to the brushless DC 
motor is substantially zero ampere, (B) the angular velocity of the brushless DC motor is over a predetermined value, 
and (C) the current instruction value to the brushless DC motor is over a predetermined value are the detecting 
conditions, erroneous detection upon detecting a power supply line of a single phase can be prevented by the 
condition (A), erroneous detection when the brushless DC motor is stopped, by the condition (B) and erroneous 
detection when the current instruction value to the brushless DC motor Is smaller (for example, substantially zero), 
by the condition (C). Therefore, a breaking of the power supply line of the brushless DC motor can be detected 
securely even when the current detection value of each phase crosses zero. 

[0013] Further, a motor control apparatus in accordance with the more preferred teaching of the present 
invention, driven with AC current produced by converting from 2 phase to 3 or higher phase, is characterized in that 
the breaking of the power supply line of the motor to be controlled is detected according to the breaking detection 
method for the power supply line of the motor 

[0014] A breaking of the power supply line of the motor to be controlled in accordance with the more preferred 
teaching of the present invention, is detected based on the breaking detection method for the power supply line of 
the motor. Thus, because the condition (A) the current value of at least one phase of the AC currents supplied to 
the motor is substantially zero ampere, in addition, the condition (B) the angular velocity of the motor is over a 
predetermined value, and the condition (C) the current instruction value to the motor is over a predetermined value 
are the detecting conditions, erroneous detection upon detecting a power supply line of a single phase can be 
prevented by the condition (A), erroneous detection when the motor is stopped, by the condition (B) and erroneous 
detection when the current instruction value to the motor is smaller (for example, substantially zero), by the 
condition (C). Therefore, a breaking of the power supply line of the motor can be detected securely* even when the 
current detection value of each phase crosses zero. 

[0015] An electric power steering mechanism for assisting steering by detecting a steering condition and driving 
a motor depending on the steering condition, in accordance with the more preferred teaching of the present invention 
is characterized In that 

the breaking of the power supply line of the motor to be controlled is detected according to the breaking 
detection method for the power supply line of the motor. 

[0016] In accordance with the more preferred teaching of the present invention, a breaking of the power supply 
line of the motor to assist steering is detected based on the breaking detection method for the power supply line of 
the motor. Thus, because the condition (A) the current value of at least one phase of the AC currents supplied to 
the motor is substantially zero ampere, in addition, the condition (B) the angular velocity of the motor Is over a 
predetermined value, and the condition (C) the current instruction value to the motor is over a predetermined value 
are the detecting conditions, erroneous detection upon detecting a power supply line of a single phase can be 
prevented by the condition (A), erroneous detection when the motor is stopped, by the condition (B) and erroneous 
detection when the current Instruction value to the motor is smaller (for example, substantially zero), by the 
condition (C). Therefore, a breaking of the power supply line of the motor can be detected securely even when the 
current detection value of each phase crosses zero. 

[0017] A computer program in accordance with the more preferred teaching of the present invention, is 
characterized by including a program for making the breaking detection method for the power supply line of the motor 
to function by the computer. 

[0018] In accordance with the more preferred teaching of the present invention, a program for making the 
breaking detection method for the pwwer supply line of the motor to function by computer is included. Thus, the 
breaking detection method for the power supply line of the motor can be made to function by computer according to 
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that program. Therefore, a breaking of the power supply line of the motor can be detected securely by that function 
of the computer even when the current detection value of each phase crosses zero. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

Fig. 1 is a flow chart showing a flow of breaking detection processing based on the method for detecting a 
breaking of power supply line of a motor according to an embodiment of the present Invention; 

Fig. 2 is a block diagram showing main functional configuration of the motor control apparatus according to the 
embodiment of the present invention; 

Fig. 3 is a block diagram showing main hardware configuration of the etectiic power steering apparatus according 
to the embodiment of the present invention; and 

Fig. 4 is an explanatory diagram showing a detection wave of AC current supplied to a 3-phase motor, while Fig. 
4(A) indicates a normal case and Fig. 4(B) Indicates a case where the power supply line of phase u is broken. 



DESCRIPTION OF THE PREFERREED EMBODIMENTS 

[0020] Hereinafter, the embodiment of the present invention will be described with reference to the accompanying 
drawings. 

[0021] The structure of the control apparatus of a motor (hereinafter referred to as motor control apparatus), 
to which the breaking detection method for the power supply line of a motor of the present invention will be 
described with reference to Fig. 2. 

[0022] Fig. 2 shows main functional blocks, which compose the motor control apparatus 20. 
[0023] The motor control apparatus 20 comprises mainly a d-axis instruction 21 , a q-axis instruction 22, 
computing portions 23, 24, PI control portions 25, 26, a 2-phase/3-phase converting portion 27, a pulse width 
modulating portion 28, current detectors 30, 31, a computing portion 33, a 3-phase/2-phase converting portion 35 and 
an encoder E. Individual functional portions except the pulse width modulating portion 28 and the encoder E are 
processed by computation with software through a computer. 

[0024] In this motor control apparatus, currente flowing through phase u and phase v of the motor M are detected 
by the current detectors 30. 32. converted to digital current detection values iu, iv and inputted to the 3-phase/2- 
phase converting portion 35. The current iw of phase w can be obtained by subtracting from the current detection 
values iu. iv and a result obtained by this computation is inputted to the 3-phase/2-phase converting portion 35 as 
a current value iw of phase w. 

[0025] The 3-phase/2-phase converting portion 35 converts the inputted current values iu, iv, iw to current 
values id, iq through d/q conversion (2-phase conversion) based on a detection signal detected by the encoder E for 
detecting the rotation angle of the rotator of the motor M and outputs. The current values id, iq are respectively 
inputted to the computing portions 23, 24 as each feed back value. 

[0026] The q-axis instruction 22 or the like Is inputted to the computing portions 23, 24 as a torque 
instruction for the motor M. That is. a torque to be generated in the rotator of the motor M is computed based on 
the q-axis instruction 22 and then inputted to the computing portion 24 as a q-axis current instruction value iq* 
while exciting current of the rotator of the motor M is computed based on the d-axis instruction 21 and inputted to 
the computing portion 23 as a d-axis current instruction value id*. In the meantime, because no exciting current 
needs to be supplied in case of a brushless DC motor whose rotator is a magnet, usually, the d-axis current 
instruction value id* is set to zero ampere (id* - 0). 

[0027] The d-axis current instruction value id* and a current value id obtained by converting with the 3-phase/2- 
phase converting portion are inputted to the computing portion 23. Therefore, a deviation between both computed 
results is outputted in the form of Aid from the computing portion 23 and then inputted to the PI control portion 25. 
Likewise, because the q-axis current instruction value iq* and a current value iq obtained by converting with the 3- 
phase/2-phase converting portion 35 are inputted to the computing portion 24 and a deviation between both computed 
results is outputted in the form of Aiq from the computing portion 23 and inputted to the PI control portion 26. 
[0028] The PI control portions 25, 26 carry out proportional integration upon the inputted deviations a id, a iq and 
then compute the d-axis voltage instruction value vd* and q-axis voltage instruction value vq* using a predetermined 
voltage equation so as to output to the 2-phase/3-phase converting portion 27. 

[0029] The 2-phase/3-phase converting portion 27 d/q inversion-converts (3-phase conversion) respective inputted 
d-axis voltage instruction value vd* and q-axis voltage instruction value vq* so as to compute voltage instruction 
values vu*. w*. vw*. The pulse width modulating portion (PWM) 28 fetches in the voltage instruction values vu*. w*. 
vw* and outputs pulse signals having each corresponding pulse width to a driving circuit (not shown). The driving 
circuit applies a driving voltage to the motor M through the power supply lines 29a. 29b. 29c of phase, u. phase v, 
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and phase w. 

[0030] If the motor control apparatus 20 is constructed as described above, rt can be controlled so that the 
deviation In each of the current instruction value and feedback value is zero. As a result, the motor M can be 
controlled in terms of its torque and the like. 

[0031] The breaking detection processing, in which the breaking detection method for the motor power supply line 
of the present invention is applied to the motor control apparatus 20 having the above-described structure, will be 
described with reference to Fig. 1 . 

[0032] Because the breaking detection processing shown in Fig. 1 is formed in a subroutine, it is incorporated 
in a sequence of timer interruption processing generated every predetermined time. Thus, a predetermined 
initialization processing necessary before this breaking detection processing is executed, for example, 
initialization processing for counter CNT. breaking detection flag and the like, which will be described later, is 
carried out depending on a main routine calling this breaking detection processing. 

[0033] First, in the breaking detection processing, three conditions are considered in step S101. More 
specifically, the first condition of this embodiment is. for example, that the AC current iu (absolute value) 
supplied to the motor M Is substantially 0 ampere or less than 0.5 Aor the iv is substantially 0 or less than 0.5 A 
or the Iw is substantially 0 or less than 0.5 A, the second condition is that the angular velocity of the motor M is 
1 rad^ or more and the third condition Is that the current instruction value to the motor M is 5 amperes or more. 
[0034] As for the first condition that "the AC current iu (absolute value) supplied to the motor M is less than 
0.5 amperes, the iv is less than 0,5 amperes and the iw is less than 0.5 amperes" , a current value iu flowing 
through the power supply line 29a of phase u shown in Fig. 2, a current iv flowing through the power supply line 29b 
of phase v and a current iw flowing through the power supply line 29c of phase w are determined based on the outputs 
of the current detectors 30, 31 and the computation result of the computing portion 33. That is, this is executed by 
determining whether the current detection values iu, iv, iw inputted to the 3-phase/2-phase converting portion 35 
are a predetermined value or less than the predetermined value. 

[0035] According to the first condition, whether or not there is any breaking in the power supply lines 29a. 29b. 
29c can be determined and by determining which phase a current value satisfying that condition corresponds to, a * 
power supply line having a fear of a breaking can be pinpointed. 

[0036] The second condition that "the angular velocity of the motor M is 1 rad/s or more" is determined by 
subjecting the output of the encoder E for detecting the rotation angle of the motor M to time differentiation so as 
to obtain an angular velocity. That is, this is executed by determining whether or not the detection signal of the 
encoder E to be inputted to the 2-phase/3-phase converting portion 27 or the 3-phase/2-phase converting portion 35 
is 1 rad/s or more. 

[0037] Due to the second condition, everi if the power supply lines 29a. 29b. 29c are not broken when the angular 
velocity of the motor M is not 1 rad/s or more or the rotation of the motor M Is stopped or in ultra slow rotating 
condition near the stop condition, the current values iu. iv, iw becomes values approximate to zero as described in 
Fig. 4. Thus, by adding the second condition, it is possible to prevent an erroneous detection of a case where the 
current values iu, iv, iw become values approximate to zero even if the motor is in a normal condition. 
[0038] The third condition that "the current instruction value to the motor M is 5 amperes or more" is 
determined based on the d-axis current instruction value id* by the d-axis instruction 21 and the q-axis current 
instruction value iq* by the q-axis instruction 22. That is, this is executed by determining whether or not at least 
any one of the d-axis current instruction value id* or the q-axis instruction value iq* of the motor M is set to 5 
amperes or more. 

[0039] Due to the third condition, even if any one of the power supply lines 29a, 29b. 29c is not broken when 
the current instruction value to the motor M is not 5 amperes or more or generation of torque Is not instructed to 
the motor or generation of a low torque Is instructed, the current values iu, iv, iw become values approximate to 
zero as described in Fig. 4. Thus, by adding this third condition, it is possible to prevent an erroneous detection of 
a case where the current values iu, iv, iw become values approximate to zero even If the motor is in a normal condition. 
[0040] If it is determined that all these three conditions are satisfied in step S101 (Yes in step S101), the 
processing proceeds to step S103, in which 1 is added to the counter CNT1. Namely, the counter CNT, which counts 
frequencies in which the three conditions are satisfied at the same time, is incremented. 

[0041] On the other hand, if it is determined that these three conditions cannot be satisfied at the same time 
in step S101 (No in step S101), the processing proceeds to step S105, in which the counter CNT is zero-cleared and 
then this breaking detection processing is terminated. That is, if the condition of step S101 is not satisfied even 
once although all the conditions of step SI 01 are satisfied at the same time, processing of erasing the value on the 
counter CNT is carried out. Consequentiy, a further erroneous detection can be prevented. 

[0042] In step SI 07, whether or not the value of the counter CNT exceeds 5 is determined. That is, the breaking 
of the power supply lines 29a, 29b, 29c of the motor M is detected by detecting a predetermined period in which the 
three conditions are satisfied at the same time in step SI 01. More specifically, if the frequency in which the 
condition of step S101 is satisfied exceeds 5 by a result of adding to the counter CNT (Yes in step S107), it is 
determined that any one of the power supply lines 29a, 29b. 29c is broken and in subsequent step SI 09, breaking 
detection flag is turned ON (for example, value 1). Then, this breaking detection processing is terminated. 
[0043] As described previously, this breaking detection processing of this embodiment is timer interruption 
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proofing which is activated every predetermined time. Thus, a predetermined "period in which all the three 
conditions are satisfied" can be detected by step S107 for determining that the condition of step S1 01 is satisfied 
five or more times continuously and step S105 for erasing the value of the counter CNT even if the condition of step 
S101 is not satisfied even once. 

[0044] On the other hand, because it ^ not yet determined which of the power supply lines 29a. 29b, 29c is 
broken if the frequency in which the condition of step S101 is satisfied does not exceed five times (No in step S107) 
, this breaking detection processing is terminated. 

[0045] As described above, according to the breaking detection processing of Fig. 1 . in step S1 01 , it is 
determined (A) that the iu. iv and iw of the AC cun^ent (absolute value) supplied to the motor M are less than 0.5 
amperes each, (B) that the angular velocity of the motor M is 1 rad/s or more and (C) that at least any one of the 
current instruction values id*, iq* is 5 amperes or more. A predetermined period in which all these three conditions 
(A)-{C) are satisfied is determined in step S107 so as to determine which of the power supply lines 29a. 29b, 29c is 
broken and then, the breaking detection flag is set to ON so as to detect any breaking of the line. 
[0046] Because the breaking detection flag as a detection condition that all the three conditions (AHC) are 
satisfied at the same time in a predetermined period is set to ON. an erroneous detection in each of the condition 
(A) for detecting a breaking of the power supply line of a phase, the condition (B) that the rotation of the motor M 
is stopped and the condition (C) that the current instruction values id*, iq* to the motor M are less than a 
predetermined value can be prevented. Thus, according to the main routine for calling this breaking detection 
processing, a breaking of the power supply lines 29a, 29b. 29c of the motor M can be detected securely by 
determining the condition of the breaking detection flag even in a period in which the current detection value of 
each phase crosses zero. 

[0047] Although the above-described breaking detection processing detects a predetermined period in which "all 
the three conditions are satisfied at the same time" in step S1 05 and step SI 07, the present invention is not 
restricted to this and it is permissible to apply such an algorithm of counting only the frequency that the 
condition of step SI 01 is satisfied and setting the breaking detection flag to ON if that value exceeds a 
predetermined frequency. Consequentiy, the breaking detection which paid attention to only the frequency that the 
condition of step S101 is satisfied can be carried out 

[0048] Subsequentiy, an example in which the motor control apparatus having the structure shown in Fig. 2 is 
applied to an electric power steeringmechanism while the breaking detection method for the motor power supply line 
of the present invention will be described with reference to Fig. 3. In the meantime, an example of an electric 
power steering mechanism 50 provided on a vehicle such as automobile as an electric power steering mechanism of the 
present invention will be described. 

[0049] As shown in Fig. 3, the electric power steering mechanism 50 comprises mainly various kinds of sensors 
such as a torque sensor 52, a vehicle velocity sensor 54, a revolution number sensor 56. a current sensor 58. an ECU 
60, a motor driving circuit 66 and a brushless DC motor BL. 

[0050] The d-axis instruction 21 , the q-axis instruction 22, the computing portions 23, 24, the PI control 
portions 25, 26, the 2-phase/3-phase converting portion 27. the computing portion 33 and the 3-phase/2-phase 
converting portion 35 are achieved by software which is computed by the CPU 62 in the ECU 60. On the other hand, 
the pulse width modulating portion 28 is achieved by hardware which constructs the ECU 60 or the motor driving 
circuit 66 and the current detectors 30, 31, the motor M and the encoder E correspond to the current sensor 58, the 
brushless DC motor BL and the revolution number sensor 56 shown in Fig. 3. 

[0051] The torque sensor 52 detects a steering torque from a torsion amount of a torsion bar or the like which 
connects the input shaft coupled to the vehicle steering wheel with the output shaft coupled to the steering 
mechanism such that they can be rotated relatively. This detected steering torque is Inputted to the ECU 60 together 
with the vehicle velocity detected by the vehicle velocity sensor 54. The revolution number of the brushless DC 
motor BL assisting the steering force of a steering wheel is detected by the revolution number sensor 56 and further, 
the current values iu, iv flowing through the phase u and phase v of the brushless DC motor BL are detected by the 
current sensor 58 and inputted to the ECU 60. 

[0052] The CPU 62 which constructs the ECU 60, determines the current instruction values id*, iq* to be 
transmitted to the motor driving circuit 66 based on a steering torque, a vehicle velocity and a motor revolution 
number inputted through an interface 64. That is, these information pieces are inputted to the d-axis instruction 21 
and the q-axis instruction 22 shown in Fig. 2 and converted to the d-axis current instruction value id* and q-axis 
current instruction value iq* so as to determine the current instruction values id*, iq*. As described above, in the 
CPU 62, the PI control portions 25. 26 proportional-integrate the deviations Aid, a iq relative to the feedback values 
id, iq inputted to the computing portions 23, 24 so as to output the d-axis voltage instruction values vd* and the q- 
axis voltage instruction value vq* and then these values are d/q inversion converted by the 2-phase/3-phase 
converting portion 27 so as to compute the voltage instruction values vu*, w*, vw*. Then, these voltage instruction 
values vu*, w*, vw* are outputted to the pulse width modulating portion 28 of the motor driving circuit 66. 
[0053] In the motor driving circuit 66, the voltage instruction values vu*, w*, vw* transmitted from the CPU 62 
are outputted to the brushless DC motor BL through the power supply lines 29a, 29b, 29c and currents of phase u and 
phase V flowing through the power supply lines 29a, 29b, 29c are detected by the current sensor 58 and the current 
detection values iu, iv are inputted to the ECU 60. Therefore, the brushless DC motor BL can generate an assist 
torque for assisting the steering force or generate a torque for restoring the steering wheel. 
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[0054] In the electric power steering mechanism 50. the CPU 62 of the ECU 60 executes the breaking detection 
processing shown In Fig. 1 in the sequential timer interruption processing which is generated every predetermined 
time so as to detect a breaking of the power supply lines 29a, 29b. 29c of the brushless DC motor BL assisting the 
steering Action. Then, it is determined (A) that the iu, iv. and iw of the DC current (absolute value) supplied to 
the brushless DC motor BL are less than 0.5 amperes respectively, (B) that the angular velocity of the brushless DC 
motor BL or the steering velocity of the steering vy^eel is 1 rad/s or more and (C) that at least any one of the 
current instruction values id*, iq* relative to the brushless DC motor is 5 amperes or more, and a predetermined 
period in which all these three conditions (AHC) are satisfied at the same time is determined in step S107 so as 
to determine that any one of the power supply lines 29a, 29b, 29c of the brushless DC motor BL is broken. Then, the 
breaking detection flag is set to ON so as to detect any breaking of the line. 

[0055] Because the breaking detection flag as a detection condition that all the three conditions (AHC) are 
satisfied at the same time in a predetermined period is set to ON, an erroneous detection in each of the condition 
(A) for detecting a breaking of tfie power supply line of a phase, the condition (B) that the rotation of the 
brushless DC motor BL is stopped and the condition (C) that the current instruction values id*, iq* to the 
brushless DC motor BL are less than a predetermined value can be prevented. Thus, according to the main routine by 
the CPU 62 for calling this breaking detection processing, a breaking of the power supply lines 29a, 29b. 29c in the 
brushless DC motor BL can be detected securely by determining the condition of the breaking detection flag even in a 
period in which the current detection value of each phase crosses zero. 

[0056] As described atx)ve. whether or not any one of the power supply lines 29a, 29b, 29c in the motor control 
apparatus 20 having the structure shown in Fig. 2 is broken can be determined by executing the breaking detection 
processing by means of the CPU 62 in the ECU 60. For the reason, the computer program including such a breaking 
detection processing (breaking detection method for the power supply line of the motor) can detect any breaking of 
the power supply lines for AC current supplied to the motor in such an operating environment comprising "current 
detecting means for detecting an AC current supplied to the motor", "angular velocity detecting means for detecting 
the angular velocity of the motor" and "current instruction value detecting means for detecting the current 
instruction value for the motor". 

[0057] Although the Invention has been disclosed in the context of a certain preferred embodiments, it will be 
understood that the present invention extends beyond the specifically disclosed embodiments to other alternative 
embodiments of the Invention. Thus, it is intended that the scope of the invention should not be limited by the 
disclosed embodiments but should be determined by reference to the claims that follow. 

[0058] According to the breaking detection processing, it is determined that (A) iu of AC current (absolute 
value) supplied to a motor is less than 0.5 amperes or iv thereof is less 0.5 amperes or iw thereof is less than 0.5 
amperes, (B) the angular velocity of the motor is 1 rad/s or more and (C) at least any one of the current 
instruction values id*, iq* is 5 amperes or more in a step and then, a period in which all these three conditions (A) 
-(C) are satisfied at the same time is determined in another step. Consequently, it is determined that any one of 
the power supply lines in the motor is broken and a breaking detection flag is set to ON so as to detect the breaking. 

Claims 

1. A breaking detection method for the power supply line of a motor, for detecting a breaking of the power supply 
line for AC current, connected to the motor driven with the AC current produced by converting from two phase to 
three or higher phase, wherein the breaking of the power supply lines of said motor is detected by detecting a 
predetermined period in which all follov^ing conditions (A) - (C) are satisfied at the same time; 

(A) the current value of at least one phase of the AC currents supplied to the motor is substantially zero ampere. 

(B) the angular velocity of said motor is over a predetermined value, 

(C) the current instruction value to said motor is over a predetermined value. 



2. A breaking detection method for the power supply line of the motor as claimed in claim 1 wherein said motor is a 
brushless DC motor. 

3. A motor control apparatus driven with AC current produced by converting from 2 phase to 3 or higher phase, 
wherein 

the breaking of the power supply lines of said motor is detected by detecting a predetermined period in 
which said all conditions (A) - (C) are satisfied at the same time; 

thereby the breaking of the power supply line of the motor to be controlled is detected according to the 
breakinjg detection method for the power supply line of the motor as claimed in claim 1 or 2. 

4. An electric power steering mechanism for assisting steering by detecting a steering condition and driving a 
motor depending on the steering condition, wherein 

the breaking of the power supply lines of said motor is detected by detecting a predetermined period in 
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which said ail conditions (A) - (C) are satisfied at the same time; 

thereby the breaking of the power suppfy line of the motor to be controlled is detected according to the 
breaking detection method for the power supply line of the motor as claimed in claim 1 or 2. 

5. A computer program including a program for making the breaking detection method for the power supply line of a 
motor, for detecting a breaking of the power supply line for AC current, connected to the motor driven with the 
5 AC current produced by converting from two phase to three or higher phase, as claimed in daim 1 or 2 function by 

the computer. 
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